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High demand for safety-critical 
applications reliant on GNSS 
 
 Automated landing 
 
 Driverless cars 
 
 Autonomous shipping 
 
Introduction: Current Needs 
Multipath and NLOS 
 
 Most prominent error source 
 
 Uncertainty characterization 
becomes challenging 
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Introduction: Current Needs 
 Enabling prospective applications require reliable positioning and timing solutions 
 
 Error models for GNSS observations are fundamental for integrity monitoring 
 
 Wrong error models  →  spoil navigation solution  &  major issue for multi-sensor fusion 
GNSS Receiver 
Navigation 
Processor 
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Introduction: Our Proposal 
Derivation of stochastic models for the characterization 
of multipath, based on Bayesian Inference 
Probabilistic modeling of the variance, described by Inverse-Gamma distributions 
Regression of multipath error models for GPS L1-L2, Galileo E1-E5 
Discussion on the uncertainty of the estimated models 
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[GNSS Data Processing Vol. I, Subirana et al.2013] 
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Multipath Characterization 
 Solving the positioning problem →  Weighted Least-Squares 
 Uncertainty representation of the GNSS observables 
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Multipath Characterization 
 Isolating the multipath and receiver noise  →  multi-frequency  
    phase and code combination [Code-minus-Carrier CMC] 
Multipath + 
receiver noise 
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Probabilistic Modelling of the Variance 
What to do now with the estimated 
multipath and receiver noise?? 
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Probabilistic Modelling of the Variance 
 Most models assume the variance as an unknown 
deterministic constant. Here, variance is a random 
variable 
 Conjugate Bayesian analysis  →  Probabilistic model of 
the multipath variance 
parameter estimation first two moments 
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Probabilistic Modelling of the Variance 
 Gridding the multipath into elevation and/or CN0 
I. Estimation of the       parameters for each of the divisions 
 Estimation of the       parameters for each of the divisions 
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Regression of the models 
Elevation-based  
CN0-based 
Additive model 
Multiplicative model 
 Some of the most well-known pseudorange models are chosen: 
 The first and second        moments are used as “weighted observations” to 
regress the unknown parameters of the models 
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Methodology Recap 
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Experimentation 
 Data collected on a dynamical scenario is used for 
experimentation (derivation of the models) 
 
 GPS (L1,L2), Galileo (E1,E5) data recorded during 
three days (2018, DOY 42-44) at 2Hz 
 
Rostock 
Trelleborg 
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Experimentation: Comparison GPS – Galileo  GPS L1 
Galileo E5 
Multipath+Receiver noise 
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Validation 
 Measurement campaign in Koblenz (Germany), for 
six hours (2017, DOY 208 08:30 – 14:30) at 1Hz 
 
 Positioning performance is 
evaluated using only GPS L1 
 
 For the reference trajectory, dual 
frequency RTK solution is used 
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Positioning performance 
Validation 
 Overall great improvement compared to 
unweighted scheme 
 
Only marginal differences between models 
 
Largest errors not determined (lack of RTK fix) 
 
 Results on integrity monitoring on the paper 
Are we missing something? 
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Outlook 
 A methodology for deriving multipath error models based on probabilistic 
modeling is presented 
 
 Representing the variance as an Inverse-Gamma distribution  →  
straightforward parametrization  &  variance constraint is respected  
 
 More „complete“ approach for the estimation of stochastic models, 
accounting for additional moments of uncertainty 
 
 Different models (elevation and CN0-based) are estimated for GPS L1, L2 and 
Galileo E1, E5 
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Future Work 
• Combination of the Bayesian inference of 
variance with robust statistics  →  dealing with 
non-Gaussian noises 
Uncertainty of the uncertainty models! 
[Linear Fit example, OriginLab] 
• CN0 models are receiver dependent  →  apply 
our method to achieve the best performance 
on your domain! 
• Confidence bands or other uncertainty measures 
for the error models  →  higher moments of 
integrity monitoring 
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 Visit us at our booth B in the exhibition hall! 
Thank you for your attention! Email: daniel.ariasmedina@dlr.de 
